Samples used in this study include bone material from bovines (Bos sp.) between ~5100 and ~8700 years old and coming from Mediterranean and temperate sites from Anatolia, Greece, and France; teeth and tusk material of mammoths (M. primigenius), from temperate sites in Austria and Belgium between 21,000 to 42,000 years old, respectively; and a 1400 year-old human femur from northern France. "Modern" samples include a 100 year-old chimpanzee (P. troglodytes) femur from an Austrian collection, which had been cleaned and prepared for mounting, and modern human DNA prepared from blood. All ancient samples were extracted and purified in the ancient DNA lab, a series of four rooms built specifically for the purpose of ancient DNA extraction, purification, and PCR setup (1,2) (www. ijm.fr/en/facilities/palaeogenomics-andmolecular-taphonomy/). In addition to restricted access and stringent physical protective measures for personnel, this lab also reduces the introduction of outside contaminating molecules through a positive air pressure gradient, UV radiation of equipment at very short distance, ozone air treatment, and regular manual cleaning with bleach (1) . An area of bone and tooth surfaces were removed with a sterilized razor blade and, depending on the density and degree of mineralization, ground into powder either by low-speed drilling with a heat-sterilized drill bit using a Dremel Fortiflex (Dremel Europe, The Netherlands), or cut into fragments with a Dremel 4000 (Dremel Europe) equipped with a diamond saw blade and powdered while submerged in liquid nitrogen using a freezer mill (SPEX CertiPrep 6750, Metuchen, NJ) (see comparisons in Supplementary Figure S1 ). 350-2500 mg of the recovered powder was then incubated in 5-10 mL extraction buffer (0.5 M EDTA, 0.25 M Na 2 HPO 4 3-, pH 8.0, 1% beta-mercaptoethanol) for 48-70 h at 37°C on a rotating wheel. After the first incubation, some samples were pelleted, resuspended in fresh extraction buffer, and incubated for an additional 48 h in order to increase the amount of powder dissolved. In these instances, extraction buffers were combined prior to purification. All samples were then pelleted for 10 min at 10,000 rpm, and DNA was purified from the supernatant using a method developed in the lab and based on the QIAquick Gel Extraction purification kit protocol (Qiagen, Hilden, Germany) with the noted modifications. Sample volumes of 25-50 mL (5-10 mL of extract combined with 3 volumes of QG binding buffer and 1 volume of isopropanol) were passed through the silica columns on a vacuum manifold (Qiagen) with the aid of 20 mL tube extenders (Qiagen), after which an additional wash step of 2 mL QG binding buffer was performed, and the PE wash buffer was increased from 750 µL to 2 mL. After washing, columns were removed from the manifold and extenders, and placed back in the 2 mL collection tubes and moved to an Eppendorf 5415D bench-top centrifuge (Eppendorf, Hauppauge, NY) and dry-spun at 16,100 × g for 2 min. Then 2 elution steps of 27 µL each were performed using EB elution buffer (Qiagen) heated to 65°C and centrifuged for 1 min each at 16,100 × g. Quantification experiments using ancient extracts and modern DNA showed that the recovery efficiency of the manifold protocol, which allows processing of large volumes with minimal handling, was similar to that of the centrifugation method (Supplementary Figure S1) .
The chimpanzee and modern human samples were processed in a dedicated workspace of a modern DNA lab and were also cleaned with bleach and short-distance UV light. The surface of the chimpanzee bone was removed with a sterile razor blade and a 1 g piece was cut using a Dremel 4000. After powdering in a freezer mill dedicated to more recent samples (SPEX CertiPrep 6750), bone powder was incubated and DNA was purified according to the above protocols in dedicated areas in the laboratory where only modern, unamplified DNA is analyzed. DNA was purified from 5 mL of modern human blood according to the protocol found at: www.protocol-online.org/prot/ Protocols/Extraction-of-genomic-DNAfrom-whole-blood-3171.html, and 250 ng of purified DNA was then sonicated on a Covaris M220 sonicator (Covaris, Inc., Woburn, MA) to an average size of 150 bp. Sonicated DNA was verified on a Bioanalyzer 2100 (Agilent, Santa Clara, CA) High Sensitivity DNA Assay.
For each sample, 3-4 µL of purified DNA was removed to be quantified on a Qubit 2.0 Fluorometer (Life Technologies, Grand Island, NY) and tested for PCR inhibition using up to 16% reaction volume by addition of extract dilutions or water to qPCR reactions containing 10
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Samples were then tested for the presence of ancient DNA by qPCR using primers designed to amplify speciesspecific mitochondrial sequences (Mammoth: 95 bp product, el1F, 5´-GGAGTCTACTTCACACTTCTCCA-3´, el1R, 5´-GTAGT TACA A AGA A AGT T-GAGCC-3´; 64 bp product, el1F and el2R, 5´-CGTCGGAGATTGTAAAGGA-3´. Bovine: 159 bp product, BB3r, 5´-TGCCCCATG-CATATAAGCAAG-3´, BB4m, 5´-TCACGC-GGCATGGTAATTAAG-3´; 85 bp product, BB3s, 5´-GCCCCATGCATATAAGCAAG-3´, BB4s, 5´-T TGACATA ATGTACTATG-TACAGTCAATAA-3´. All primers were obtained from Sigma-Aldrich (St. Louis, MO). Amplifications were performed in a Lightcycler 1.5 or Lightcycler 2 (Roche Applied Science, Mannheim, Germany) in 10-20 µL reaction volumes. To protect against cross-contamination, the UQPCR method was used (3), in which uracil was substituted for thymidine for all PCR reactions, and incubation with uracil N-glycosylase (UNG, extracted from G. morhua; Biotec Marine Biochemicals, Norway) was performed prior to each reaction. To control against reagent-borne contamination from modern cow DNA, a BSA-free qPCR buffer treated with the UVD decontaminating procedure was used for all bovine samples (1) . Mock extracts were performed with each extraction and amplified to control for contamination. An average of 1 non-template control (NTC) was run for every 6.6 samples (including mocks). No DNA was amplified in either NTCs or mocks. qPCR programs varied depending on primer requirements and product length, but a typical program involved UNG incubation at 37°C for 15 min, followed by polymerase activation at 95°C for 8 min, then 60-80 amplification cycles (denaturation at 95°C for 10 s, then primer annealing and extension at 62°C for 45 s), and finally a temperature increase of 0.1°C/second from 62°C to 95°C with continuous fluorescence measurement to generate melting curves of the products. Products were purified by a QIAquick PCR purification kit (Qiagen), and both strands were sequenced by capillary electrophoresis at Eurofins/MWG Operon (Ebersberg, Germany) using an ABI 3730xl DNA Analyzer (Life Technologies). Sequences were manually curated, assembled, and aligned using the Geneious software suite (4). We found no correlation between age and geographical origin of the samples and DNA preservation.
Lack of suitability of the Y adapter method for library construction with a low amount of starting material Using the Y-adapter method (Illumina TruSeq kit; Illumina, Inc., San Diego, CA) we noticed high and persistent adapterdimer artifact formation when amplifying libraries constructed from low numbers of starting molecules (Supplementary Figure  S4A) . Decreasing the quantity of adapters 10-fold was not sufficient to reliably prevent interference from these dimers, but this artifact was found to be slightly less prominent when higher amounts of starting DNA were used. These dimers severely affect the ability to construct good quality libraries from a low number of starting molecules, thus prompting us to explore the possibility of decreasing the tendency of these dimers to form. We therefore investigated the underlying cause of the low-frequency formation of dimers that are amplified during the PCR step. Because the adapters have a 3´ protruding dT, head-to-tail dimers between adapters should, in theory, not form, unless a low frequency event enables this formation. We considered three possibilities: (i) T4 DNA ligase has a low ability to ligate a mismatched T-T base pair; (ii) a small proportion of the overhanging dTs are digested by a nuclease, thus allowing blunt-end ligation; and (iii) during oligonucleotide synthesis, there is a background of misincorporated dAs instead of dTs at the 3´ position of the adapter, thus allowing dimer ligation. As represented in Supplementary Figure S4B , each of these putative causes would have had a different outcome at the junction between head-to-tail adapter dimers. The ligation at a mismatched T:T would create a unique sequence after PCR amplification of both strands of the head-to tail Y adapter dimer, with a T (or an A on the opposite strand) at the junction (boxed in Supplementary Figure S4B) . The ligation of blunt-end nuclease-digested adapters would show the absence of a specific base. Ligation resulting from misincorporation of a dA instead of a dT in 1 of the 2 adapters will produce a 1:1 mixture of A or T at the junction. We thus sequenced the adapter dimer to discriminate between these possibilities. The sequence obtained clearly shows that the dimers produced are head-to-tail adapter dimers with a 1:1 mixture of A and T at the junction, thus demonstrating that the major cause of dimer formation is the low-frequency misincorporation of a dA instead of a dT at the 3´-most position of the oligonucleotide contributing the overhanging dT of the Y adapter (Supplementary Figure  S4C) . Since oligonucleotide synthesis is initiated from the 3´-most position coupled to a solid support, misincorporation did not occur during oligonucleotide synthesis but prior to it and is presumably due to insufficient purity of the building blocks used for synthesis of the coupled solid support. Because these building blocks are synthesized from compounds purified from natural sources, our results indicate that the original compounds used to synthesize phosphoramidite oligonucleotide building blocks are insufficiently purified and that dTs are contaminated with dAs to an extent that makes the Y adapter method to unsuitable for constructing NGS libraries from very low input samples. We believe the problem is not specific to an oligonucleotide provider, because we observed a similar frequency of adapter dimer production using both the Illumina-adapters provided in the True-seq kit (Illumina) and similar adapters ordered from an oligonucleotideproducing company (Sigma). A solution to the problem will therefore require a modification in the oligonucleotide building block production line, which is well beyond the abilities of academic labs interested in performing NGS from low amounts of input material. We therefore recommend using an alternative adapter-ligation strategy that does not use phosphorylated adapters as they show an unacceptable propensity to self-ligate. End Repair Module according to NEBNext manufacturer's instructions. End-repaired DNA was purified on MinElute columns (Qiagen) using the standard Qiagen gel extraction protocol except that the amount of binding buffer was maximized to 525 µL of QG and 175 µL isopropanol to maximize binding buffer to sample volume ratio, and DNA was eluted twice, each time with 17 µL EB buffer at 65°C. Blunt-end ligations were performed using NEBNext Quick Ligation Module (New England Biolabs) according to the manufacturer's instructions. Barcoded adaptors (800 nM) and 2 µL T4 ligase were added to the purified reaction and incubated 30 min at 16°C in ligation buffer. The barcoded adapter sequences used were N700 series (Illumina), and a modified N500 series, N400: 5´-AATGATACGGCGACCACCGAG ATCTACAC(barcode)ACACTCTTTCCCTA-CACGACGCTCTTCC-3´. To create the double-stranded adapter, N400 series barcoded adapters annealed to SLP4, 5´-GGAAGAGCGTC-3´ and N700 adapters to SLP5P7, 5´-AGATCGGAAGAG-3´. These modifications allow the sequencing of double-stranded generated libraries pooled with libraries generated with the single-stranded method, which require a custom sequencing primer CL72 (5). After ligation, the strands of non-ligated adapters were separated and removed from a subset of samples through the addition of 1 µL of exonuclease I (New England Biolabs) and incubated for 10 min at 37°C, then brought to 50°C for 20 min. Elongation of the adapters was then performed by adding 1 volume of OneTaq DNA polymerase 2× Master Mix (New England Biolabs) and incubating according to the manufacturer's protocol for 10 min at 68°C. Reactions were then purified on a MinElute column (Qiagen) with the previously stated protocol modifications, with 2 elutions of 17 µL each EB buffer heated to 65°C.
Prior to single-stranded library preparation, all bovine samples were treated with USER enzyme (New England Biolabs) in place of UDG and endonuclease VIII treatment as stipulated in the Gansauge and Meyer protocol (6). The USER enzyme treatment was omitted for the other samples.
Illumina and Ion Torrent single-stranded libraries were prepared from 10-25 ng of DNA, water or mock controls according to Gansauge and Meyer (6) , with the following modifications: (i) Single-strand ligations were performed with the addition of 1 µL instead of 4 µL of Circligase II and incubated 3 h instead of 1 h, which reduced total reagent cost for this method by ~45% (an incubation time of 1.5 h also showed similar results). (ii) The Bst 2.0 extension step using the 5´ tailed primer was done at a constant temperature of 15°C for 30 min instead of a gradual increase of 1°C per minute from 15°C to 37°C and 5 min at 37°C (similar results were also obtained after 30 min at room temperature). These changes were found not to affect the efficiency of the method.
For both the single-stranded and double-stranded Illumina libraries, the correct amplification cycle number to avoid plateau was determined for each library by qPCR on a Lightcycler 1.5 or 2.0 (Roche Applied Science) using 1 µL of 20% and 5% dilutions, 1 µM each of index read primers IS7 and IS8 (Illumina, Inc.), 2 µL 5× LC FastStart DNA Master Plus Mix 1a and 1b in 10 µL volume (Roche Applied Science). PCR was performed at 95°C for 5 min, then 40 amplification cycles (denaturation at 95°C for 10 s, primer annealing at 60°C for 30 s, and extension at 72°C for 1 min). Library amplification was performed on 20 µL of each library on an Eppendorf MasterCycler epGradient S (Eppendorf) for the appropriate cycle number calculated from the qPCR results using the previous conditions except that 1 µL Accuprime Pfx polymerase and 1× Accuprime Pfx Reaction Mix (Life Technologies) were used in 100 µL total reaction volume. For Ion Torrent samples, amplification cycles were determined for both libraries by qPCR using the above qPCR method except that 1 µL of a 1:20 dilution of each library was amplified, and Ion Torrent primers P1 and A were used to amplify the double-stranded library products. To convert the single-stranded libraries for use with the Ion Torrent platform, single-stranded library products were amplified using custom barcoded primer Iom (5´-CCATCCTATCCCTGCGTGTCTC CGACTCAG(barcode)CCGATGCTCTTC-CGATCT-3´) and custom primer IomR2 (5´-CCACTACGCCTCCGCTTTCCTCTC-TATGGGCAGTCGGTGAT T TCCCTA-CACGACG-3´), and the PCR program was
A stricter size selection step to remove more of the less informative short reads for the single-stranded library is conceivable, although the optimal cut-off will vary from sample to sample as seen in Figure 3 . Size-selected libraries were quantified on a Bioanalyzer 2100 (Agilent), Qubit (Life Technologies), and by qPCR before being sequenced.
Preparation of samples for both Illumina and Ion Torrent platforms was done according to the manufacturer's instructions. Illumina single-and doublestranded libraries were pooled in lots of 7 to 13 libraries per run and paired-end sequenced over four 2 ×150 runs on the MiSeq platform, with sequencing primer CL72 replacing the first read sequencing primer (5). Eleven single-and doublestranded Ion Torrent libraries were pooled together and sequenced on a 316 chip (500 run flows).
Sequence analysis
In order to allow for a uniform workflow analysis with single-read IonTorrent libraries, only the first read of paired-end Illumina reads were considered for this study. All sequences were trimmed of adapter sequences with Cutadapt 1.1.a (http://code.google.com/p/cutadapt/) (7) using a maximum error rate of 0.2 against the first 15 bases of adapter sequence and a minimum overlap of 3. These settings have been optimized using sample Bov5 and additional libraries not included in this study for maximum removal of adapters containing up to three mismatches Vol. 56 | No. 6 | 2014 while minimizing incorrect identification of adapter sequences within the read. Adapter sequence remnants resulting from the Ion Torrent conversion method for the single-stranded libraries were also removed during this step, which has the additional advantage of directly observing adapter-dimer formation for these library preparations. Reads were trimmed for quality from 3´ and 5´ ends with FastQ Quality Trimmer Version 1.0.0. (8), using a sliding window size of 10 and a step size of 1 until the mean of scores within the window was no less than 30 for the Illumina data sets and 15 for the Ion Torrent data sets. This adjustment was necessary to maximize mappable reads given the platform-specific differences in quality distribution over the length of the read. PCR duplicates were removed using FastQ/A Collapser (FASTX Toolkit, http://hannonlab.cshl.edu/fastx_ toolkit/index.html). Cleaned reads were mapped with BWA version 1.2.3 against elephant (LoxAfr 3.0), cow (BosTau31), chimpanzee (panTro4), or human (hg19) with the seeding deactivated, using an edit distance of 0.04 and allowing 1 gap opening. These settings were compared with previously recommended mapping settings from references in Dabney et al. 2013 (9), Schubert et al. 2012 (10) , and Meyer et al., 2012 (5) using libraries Bov5, Bov16, and additional libraries not included in this study that have been found to optimize the number of correctly mapped reads uniformly for all size lengths, an important consideration for the comparisons presented in this study. In order to identify human contamination background and short sequences, which are conserved across different species, all reads were further mapped against human (hg19), mouse (mm9) and E. coli (DH10B). Reads mapping to identical genomic coordinates were collapsed using Rmdup (11) with settings for single-end reads. For each library, read counts, lengths, and total base pairs were recorded for all non-redundant reads prior to mapping and for all non-redundant mapped reads (summarized in Table 1 ). The minimum read size of 28 bp was determined by remapping (BWA with parameters as above) the subset of reads that mapped to their respective reference genomes to a separate reference sequence of 2702 concatenated bacterial genomes with a combined total size of 9.4 gigabases (courtesy of Olivier Gorgé) and determining at which size bin the percentage of reads mapping to both reference sequences falls below 1% of total mapped reads for that size bin. How this value varies for each of the above mapping parameters for ancient library Bov5 is shown in Supplementary  Figure S3 . Finally, several mapped reads of each library, particularly those with shorter inserts, were manually inspected and verified.
Statistical analysis
To compare the distribution of the DNA fragment size generated with the doublestranded and single-stranded methods, a Welsh t-test was performed for either the total or the mapped reads for the three samples presented. In all cases, the P value of these t-tests was less than 2.2 × 10 -16 , the lower limit of the t-test performed using R. Because the t-test can overemphasize the statistical significance when there are a very large number of observations, we performed control t-tests based on a random sampling procedure. The general idea was to compare the real t value (calculated using initial data sets) to random t values calculated after multiple samplings of the observations (an R script is available upon request). We performed 10,000 samplings and, in all cases, the real t value largely exceeded the most extreme t values obtained with random data sets (Supplementary Figure S9) . The empirical P value, derived from this analysis was therefore largely lower than 10 -4 . To compare the proportion of mapped reads for each bin size, we performed a chi-square test. Whenever the number of observations was insufficient to satisfy the requirement for a chi-square test (indicated in red in Supplementary Table S1) , we also performed a Fisher exact test, except for the few samples where the number of observations was too high for a Fisher exact test. When both tests were used, they were in agreement. The bins for which the statistical test did not reveal a significant difference in the proportions have been indicated by a black dot in Figure 3B .
Single-stranded DNA ligation test
Nine products were amplified from a platypus genomic template using primer pairs in which one primer was 5´ phosphorylated with T4 polynucleotide kinase prior to PCR. Products were purified, quantified and treated with lambda-exonuclease (Thermo Fisher Scientific, Inc., Waltham, MA) for 30 min at 37°C in order to generate 6 unique singlestranded DNAs varying in size from 90, 110, 114, 136, 146, 192, 194, 222 , and 258 nucleotides, having a GC content of 36%-43%. In addition, the 33 nucleotides of the 3´-most ends of these fragments were given identical sequences to control for potential variable secondary structure at the 3´ end that could affect ligation. Two additional products, 279 and 358 bp, were amplified from human mitochondrial DNA and converted to single-stranded DNAs using the same method, but sharing an identical 26 bp 3´-most sequence, which is different from the previous oligonucleotides. Non-competitive ligation reactions (Supplementary Figure S7A) were performed by adding 10 femtomoles of each non-5´ phosphorylated singlestranded donor DNA to a 20 µL ligation reaction containing 8 µL PEG-4000 50%, 1 µL MnCl 2 50mM, 1 µL of receiving oligo CL78-2 2.5 µM (5), (described above), 2 µL Circligase buffer 10×, and 0.5 µL Circligase II (50 units) (Epicentre, Madison, WI). Ligations were then incubated 1 h at 60°C and heat inactivated for 10 min at 80°C. Various controls (no enzyme, no donor DNA, and double-stranded donor DNA) were also performed. Competitive ligation experiments were performed by combining 1 (Supplementary Figure S7B) or 10 (Supplementary Figure S7C) femtomoles each of the donor single-stranded DNAs that were added in various combinations to the ligation reaction as above. The amount of successful ligation products was then quantified by qPCR on a Lightcycler 1.5 or 2.0 (Roche Applied Science) using 1 µL of ligation reaction and 10 picomoles of each primer CL9 (5) (described above), 10 picomoles of the corresponding oligospecific primer (sequences given below), and 2 µL 5× LC FastStart DNA Master Plus Mix 1a and 1b in 10 µL final volume (Roche Applied Science). PCR was performed at 95°C for 8 min, then 40 amplification cycles (starting oligo quantification: denaturation at 95°C for 10 s, primer annealing and extension at 60°C for 90 s; ligation quantification: denaturation at 95°C for 10 s, primer annealing at 40°C for 30 s, and extension at 60°C for 90 s). PCR products were then verified for proper size on a 2% agarose gel. Primers and the single-stranded DNA sequences used in these experiments are as follows:
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Cir28: 5´-GAATAGTGTGTTGATTCTTTATCCCAG-3´; Cir60HF,5´-ATGTAATACGACTCACTATAGGGACCTCTTGTACTTCGGCTGATGA CAGTAA-3´; Cir60HR, 5´-TTTCTCCCTAATAACACCCTA-3´ (5´-TTTCTCCCTAATAACACCCTAATTACATCCATCTATGGTTACTGTCAT-CAGCCGAAGTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir90LF, 5´-ATGTAATACGACTCACTATAGGGACCTCTTGTAGAGTC-CGCTTTAGTCTCT-3´; Cir90LR, 5´-TTCTGGAACTCTTCATTG-3´ (5´-TGGAACTCTTCATTGGGTGTTCAGTGACCTTTGCTATTTGGCT-CAGTTTCATATGCCAAAGAGACTAAAGCGGACTCTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir90HF, 5´-ATGTAATAC-GACTCACTATAGGGACCTCTTGTATAACATGACACACTTCGG-3´; Cri90HR, 5´-ATGCTAGGTCAGGAAAGG-3´ (5´-ATGCTAGGTCAG-GAAAGGCACACCAACCTGCCGACAGAGATTTCTACATTCGTATAAAATGCACCGAAGTGTGTCATGTTATACAAGAGGTCCCTATAGT-GAGTCGTATTACAT-3´); Cir120LF, 5´-ATGTAATACGACTCACTATAGGGACCTCTTGTATATTGTGGGGGGTTTTG-3´; Cir120LR, 5´-GTATCTGAGCAGAGCAGCTA-3´(5´-GTATCTGAGCAGAGCAGCTATTGATCTCAAGGAAGAAGCTCACTGCGGCTTAAAAGAGGCAAT TAGTTAAAGGCTCTGAGAATAAGCAAAACCCCCCACAATATACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir120HF, 5´-ATGTA-ATACGACTCACTATAGGGACCTCTTGTACAAATTGCTTCGACAGCC; Cir120HR, 5´-CCTATGCCCTCAGCCTAA-3´(5´-CCTATGCCCTCA-GCCTAATTTATCTCTTTTTAAAAGACATAAATCCCCGGTCTCCACGGGAAAAGCTTAGTGGAGTTTTTCCCGTTATGCTCTACGGCT-GTCGAAGCAATTTGTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir180LF, 5´-ATGTAATACGACTCACTATAGGGACCTCTTG-TACTGATTGTGTGGCTTGCG-3; Cir180LR, 5´-CTGTATGCTTTGCGTTTG-3´(5´-CTGTATGCTTTGCGTTTGTTTTTTTTTTTTTAAAAAAA AAAAACCCTGCAAGCCAGCTGTTTCAGTTTCTCCCTGCTATTAAACCCATTACATGGGAAGATTAAATATAATACTTGTTTGAGAC-CAAATAACCCAGAACTTCGCAAGCCACACAATCAGTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir60LF, 5´-ATGTAATAC-GACTCACTATAGGGACCTCTTGTAGCAGAGAATGGGCAATA; Cir90HR, 5´-ATGCTAGGTCAGGAAAGG-3´(5´-ATGCTAGGTCAGGAAAG-GCACACCAACCTGCCGACAGAGATTTCTACATTCGTATAAAATGCACCGAAGTGTGTCATGTTAAGAATCCTGGAAGACAAATTGGCA-CATCAATAGATGCAATTTTCTTCCAAATTATTTGCAAGCTATTGCCCATTCTCTGCTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir60HF, 5´-ATGTAATACGACTCACTATAGGGACCTCTTGTACTTCGGCTGATGACAGTAA; Cir120HR, 5´-CCTATGCCCTCAGCCTAA-3´ (5´-CCTATGCCCTCAGCCTAATTTATCTCTTTTTAAAAGACATAAATCCCCGGTCTCCACGGGAAAAGCTTAGTGGAGTTTTTCCCGT-TATGCTCTACGGCTGTCGAAGCAATTTGGAGGCCTCCAGGACAGCCTTTTCTCCCTAATAACACCCTAATTACATCCATCTATGGTTACT-GTCATCAGCCGAAGTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); Cir120HF, 5´-ATGTAATACGACTCACTATAGGGACCTCTTG-TACAAATTGCTTCGACAGCC; Cir120LR, 5´-GTATCTGAGCAGAGCAGCT-3´(5´-GTATCTGAGCAGAGCAGCTATTGATCTCAAGGAAGA AGCTCACTGCGGCTTAAAAGAGGCAATTAGTTAAAGGCTCTGAGAATAAGCAAAACCCCCCACAATATTGCCGCCACCTATGCCCT-CAGCCTAATTTATCTCTTTTTAAAAGACATAAATCCCCGGTCTCCACGGGAAAAGCTTAGTGGAGTTTTTCCCGTTATGCTCTACG-GCTGTCGAAGCAATTTGTACAAGAGGTCCCTATAGTGAGTCGTATTACAT-3´); HCR1, 5´-AACCGCTATGTATTTCGTACATTACT-3´; HCR13, 5´-GGTCAAGGGACCCCTATCTGA-3´ (5´-GAAGGGATTTGACTGTAATGTGCTATGTACGGTAAATGGCTTTATGTACTATG-TACTGTTAAGGGTGGGTAGGTTTGTTGGTATCCTAGTGGGTGAGGGGTGGCTTTGGAGTTGCAGTTGATGTGTGATAGTTGAGGGTTG-ATTGCTGTACTTGCTTGTAAGCATGGGGAGGGGGTTTTGATGTGGATTGGGTTTTTATGTACTACAGGTGGTCAAGTATTTATGGTAC-CGTACAATATTCATGGTGGCTGGCAGTAATGTACGAAATACATAGCGGTT-3´) HCR1, 5´-AACCGCTATGTATTTCGTACATTACT-3´; HCR3, 5´-AATCAATATCCCGCACAAGAGT-3´ (5´-ACTCTTGTGCGGGATATTGATTTCACGGAGGATGGTGGTCAAGGGACCCCTATCT-GAGGGGGGTCATCCATGGGGACGAGAAGGGATTTGACTGTAATGTGCTATGTACGGTAAATGGCTTTATGTACTATGTACTGTTAA-GGGTGGGTAGGTTTGTTGGTATCCTAGTGGGTGAGGGGTGGCTTTGGAGTTGCAGTTGATGTGTGATAGTTGAGGGTTGATTGCT-GTACTTGCTTGTAAGCATGGGGAGGGGGTTTTGATGTGGATTGGGTTTTTATGTACTACAGGTGGTCAAGTATTTATGGTACCGTA-CAATATTCATGGTGGCTGGCAGTAATGTACGAAATACATAGCGGTT-3´)
Supplementary Figure S1 . Comparison of methods used for DNA extraction and purification. (A) Seven 100 mg samples of bone were removed from within a 10 cm 2 area of bovine femur. Two samples were cut with a Dremel 4000 (Dremel Europe), then ground to powder in a freezer mill (SPEX CertiPrep 6750), and five samples were ground to powder directly in situ using a low speed drill (Dremel Fortiflex, Dremel Europe) and one of five different heat-sterilized drill bits. DNA was obtained from the powder according to the protocol given in the Supplementary Methods, and the resulting purified DNA was quantified by qPCR using bovine primers BB3r and BB4m (Supplementary Methods). Quantities given are averages from three qPCR reactions per sample. Error bars represent standard error of the mean. (B) Genomic horse DNA was diluted in water, and equal aliquots were added to three volumes of buffer QG and one volume of isopropanol and purified on silica columns (Qiagen) either using a centrifuge according to the manufacturer's instructions for the Qiagen Gel Extraction kit (Qiagen) or using a vacuum manifold with the protocol modifications outlined in the Supplementary Methods. Recovered DNA was quantified by qPCR using horse mitochondrial primers EA7, 5´-ATATTCCACGAGCTTAATCACC-3´ and EA8, 5´-GTTTCACCGTAGAAACCCCCAC-3´, and amplified for 40 cycles of 95°C for 10 s and 62°C for 60 s. Results of two replicate experiments. Three qPCRs were performed per sample. Error bars represent standard error of the mean. Figure  S3 . Proportion of reads mapping to reference genome that also map to bacterial genomes, by read length. To determine the minimum fragment length likely to map specifically to the reference genome, all reads mapping to the cow genome for ancient bovine sample Bos5 (shown in gray) were also mapped against a reference of 2702 concatenated bacterial genomes using identical mapping parameters. The proportion of reads for each fragment length that map to both genomes (shown in black) is used to eliminate fragment lengths likely to be spurious. Mapping results from the same library using three published BWA mapping parameters recommended for ancient DNA analysis are given: (A) Dabney, et al., 2013 (9) , and 258 nucleotides in length show no consistent correlation between oligonucleotide length and quantity of ligated products. These results are inconsistent with a loss of efficiency when ligating templates >120 bp, as previously described (6, 12) .
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